During a 7-year period approximately 700 left heart cardiac catheterizations were carried out via open brachial arteriotomy. Of these, 25 patients with a missing or weak radial pulse after catheterization were referred for operation. Despite minimal early ischaemic symptoms and signs, all 25 patients had a complete occlusion of the brachial artery at the site of the arteriotomy. Commonest causes for occlusion were circumferential intimal tears or excessive suturing.
Technical details of the repair of the damaged artery -debridement, venous patch graft, and no anticoagulation after operation -were found to be important and led to long-term patency in i6 of the I7 'early'
cases.
Eight 'late' patients, who escaped early detection, were operated on I week to 6 years after brachial artery occlusion. Of the 8, 7 were successfully relieved of their symptoms.
Brachial artery catheterization not infrequently leads to a narrowed or occluded artery. In two recent prospective studies 24 per cent of 204, and i2'2 per cent of 328 patients, respectively, had this complication (Machleder, Sweeney, and Barker, 1972; Campion et al., 197I) . On long-term followup of those with an untreated brachial artery occlusion considerable functional impairment was found in 68 per cent (Campion et al., I97I) . In addition in a few cases, reported by Hall (I97I), severe acute ischaemia and acute amputation of the arm resulted.
We report here 25 cases with brachial artery injury following left heart cardiac catheterization. In I7, reconstructive surgery was carried out within 24 hours of catheterization ('early' cases) and in 8 after more than 24 hours ('late' cases).
Patients and incidence of complication The age and sex distribution of the 25 patients are summarized in Tables i and 2 treated within 24 hours of catheterization (Table i) . Only 5 of the I7 had severe symptoms such as pain and numbness of the hand. A further 9 experienced coldness and minor paraesthesiae only, and the remainder were completely free from symptoms.
Clinical signs Fourteen of the 17 had absent and 3 had weak pulses at the wrist; all 17 had objective coldness of the affected hand compared to the opposite side.
Findings at operation The time of surgical exploration varied from 3 to 20 hours after cardiac catheterization. In all cases there was a complete occlusion of the artery at the site of the previous arteriotomy (this includes those 3 cases where a weak pulse had been felt at the wrist).
In all an organic narrowing of the lumen of the artery was present, which led, in turn, to secondary thrombosis and complete occlusion. In IO cases the narrowing was due to a circumferential tear and curling up of the intima (Fig. ia) ; in 4 the sutures closing the arteriotomy were mainly at fault, and in the remaining 3 pressure from a periarterial haematoma accounted for the narrowing.
Surgical procedure In all patients the artery was opened at least o 5 cm above and below the arteriotomy site. Local thrombectomy was carried out and an embolectomy catheter was passed up the brachial and down the radial and ulnar arteries, to Iatrogenic brachial artery injuries Io8I 
,,i8 mth o (Machleder et al., 1972; Campion et al., 197I) . Our study was retrospective and this may partly account for the low apparent incidence. The fact that open brachial arteriotomy was used in preference to percutaneous puncture, in our view, also contributed to this low complication rate. In any case, as surgeons, we were not involved in the catheterizations, and are unable to comment on how this low incidence was achieved. The discussion will be con-Iatrogenic brachial artery injuries 1083 fined, therefore, to the management of brachial artery occlusion after cardiac catheterization, once it has occurred. Absent or weak distal pulses on return to the ward after brachial artery catheterization should be regarded as indicative of arterial injury. Arterial spasm should not be considered as an alternative, as it is rare and we have never seen it on exploring the brachial artery. Furthermore, it does not last long in an undamaged vessel.
While lying in a warm bed, still dazed from the premedication, the patient will feel no ischaemic pain and complain of no symptoms. Clinical signs, other than a missing pulse, may also be absent.
On detecting an absent or weak radial pulse, intravenous heparin infusion (io,ooo units 6 hours) should be started immediately to prevent the development or extension of local thrombosis, and arrangements should be made to take the patient to the operating theatre. These preparations will take at least an hour, and if there is no return of normal pulsation within this time all thoughts of transient arterial spasm should be discarded.
The technical details of the operations are important. General anaesthesia is not necessary and may be contraindicated because of the patient's cardiac condition. The brachial artery is widely exposed, down to the bifurcation into radial and ulnar arteries to ensure that the embolectomy catheter will be guided, if this is needed, into both arteries under direct vision and with the least trauma. Arteriotomy incision should start at the site of the puncture and should be at least I to 2 cm long. After local thrombectomy and the clearance of propagating thrombi, arterial clamps are applied. An attempt is now made to identify the cause for the thrombosis. In most cases (IO out of I7 in the present series), this will be a torn and curled up intima. This should be trimmed back to the points where it becomes normal. If the whole thickness of the artery is severely damaged, a portion may have to be excised and end-to-end anastomosed or grafted, but we have not found this necessary in 'early' cases. After debridement of the lumen of the artery, a venous patch graft is sutured to the arteriotomy and the sutures should include the cut ends of the intima to prevent it curling up again and causing recurrent thrombosis (Fig. ib) .
Faulty suturing (4 out of I7) was found to be the second commonest cause of obstruction at the site of arteriotomy. Narrowing of the lumen resulted from mistaken attempts to control all bleeding by immediate further suturing after the initial closure was found to leak. Slight pressure at the site and waiting for 5 to IO minutes for the bleeding to stop spontaneously would have been advisable.
Once thrombosis follows removal of the faulty sutures, thrombectomy and resuturing are rarely sufficient. Trimming away the arterial wall, which is damaged by previous attempts at suturing, until an undamaged edge is obtained, and closure with venous patch graft are needed to prevent recurrence of thrombosis.
Once the mechanical cause for local thrombosis is removed, there is no need for further anticoagulation, and heparin infusion is discontinued. Postoperative anticoagulants are not only unnecessary but probably haful as they may contribute to haematoma formation and infection. A suction drain is used and the wound closed by skin sutures.
Before closing the wound and after the arterial repair, we carry out routine operative radiography. This can show patency or otherwise at the site of repair, and also distinguishes between occlusion of the distal arteries by a clot, or narrowing by spasm. Arteriography thus often prevents unnecessary, harmful, and persistent attempts at passing embolectomy catheters as, unlike the brachial artery, the ulnar and radial are liable to prolonged spasm. After operation the arm is raised in a sling. Movements are encouraged straightaway to avoid contracture at the elbow.
All but one of our 'early' arterial repairs in adults were successful (Table i, Case i). At this operation the rules outlined above were not followed; the arteriotomy was closed after thrombectomy without debridement of the intima and without a venous patch graft. Rethrombosis followed despite continued anticoagulation and a second successful operation was carried out within 24 hours.
The consequences of not operating on brachial artery occlusion were pointed out by Machleder et 
